Strontium-90 is one of the primary beta-emitting radionuclides found at nuclear decommissioning sites. Monitoring its activity in the environment is of utmost importance given its radiotoxicity. Current procedures for the beta detection of strontium-90 are time consuming, produce secondary waste and expensive. There is a demand for real-time in situ radiostrontium monitoring in groundwater at nuclear decommissioning sites. This paper presents a review of existing techniques for strontium-90 monitoring and examines a novel approach through direct beta detection with a gallium arsenide photodiode based detector. A proof of concept detector was modelled in the physics simulation software, Geant4, and evaluated as candidate for in situ detection of beta emitting radionuclides. The simulation results indicate that the detector is physically capable of counting 89.86% of incident 0.546 MeV electrons from a 1 mm range in water. This validation will provide the basis for further development of an in situ beta detector. 90 Sr , is a beta emitting radioisotope produced during nu-2 clear fission and has been dispersed into the environment as a result of acci-3 dents at nuclear power plants, leaks from nuclear waste storage and as fallout 4 from nuclear weapons testing. Commonly known as a "bone seeker", 90 Sr is 5 chemically similar to fellow alkaline metal calcium, and when it is ingested 6 into the body it has the propensity to accumulate in bone structure [1, 2].
Introduction
the Fukushima Daiichi nuclear power plant (FDNPP) has brought increased 23 scrutiny on the proliferation of 90 Sr in the environment and highlighted the 24 need for rapid and agile measurement procedures [7, 8] . 25 Traditionally, contaminated groundwater is collected for analysis from 26 monitoring boreholes installed into the groundwater table. Within an aquifer 27 comprised of unconsolidated deposits, a filter pack and slotted PVC screen 28 are typically installed into a borehole at a target depth. These features 29 prevent the influx of aquifer material while allowing water to flow into the 30 borehole. Water samples may then be pumped to the surface and transported 31 to the laboratory where 90 Sr activity is determined by radiochemical analysis. 32 This paper presents a review of the current techniques used in beta detection 33 and explores the potential for in situ beta-counting by direct detection with ysis each year, and there is demand for ever more data to provide a greater 287 understanding of groundwater systems [46] . As this demand increases, the 288 financial and temporal costs associated with Cherenkov counting will mount.
289
This puts financial and organisational strain on decommissioning sites and 290 is the motivation for an alternative approach. In recent years, GaAs photodiodes garnered increasing interest for their 414 potential as X-ray imaging devices. One of the hurdles in this has developing 415 detectors with intrinsic layers thick enough to stop energetic radiation such 416 as X-rays, with as few defects as possible to maintain strong energy resolu-417 tion. Detectors designed for beta detection will likely require similarly thick 418 intrinsic layers.
419
The major imperfection associated with GaAs crystals is known as the 420 EL2 defect. This defect is present in many fabrications techniques, including Following on from the simulation, a real-world validation was carried out.
551
A 63 Ni source was placed 5 mm above the surface of the GaAs photodiode, As an exhibition of the potential application of the detector, the device 634 was used to collect a spectrum of radiation from a contaminated groundwater 635 source. A 5 cm deep cylinder of water was randomly filled with decaying 90 Sr 636 particles. A full decay chain was realised for each 90 Sr particle, resulting in 637 90 Y production and decay to stable Zr. The simulation ran for 1×10 7 decay 638 events. The spectrum of beta radiation captured in the detector is seen 639 in Figure 13 . The first peak is largely comprised of beta particles released 640 during 90 Sr decay, and the lower second peak is indicative of 90 Y decay, which 641 tails off at a much higher energy, approximately 1.8 MeV. It should be noted 642 that the particles generated during this simulation must travel some distance 643 before reaching the detector, and as such will have already lost some of their 644 kinetic energy to the surrounding environment.
645 Figure 13 : The spectra of beta particle energy recorded in the detector after 1×10 7 90 Sr decay events were simulated.
The simulation results presented here are encouraging for the potential 646 of GaAs photodiodes as in situ detectors for the radiometric assay of 90 Sr .
647
It has been demonstrated that a detector of real-world proportions can be 648 successfully detect beta particles of the energy scale required in a situation 649 modelled on a real world scenario. This suggests there is potential to use 650 GaAs photodiodes in the development of an in situ beta detector.
Conclusions

652
This paper has presented a review of existing methods for the radiometric these only go part way to addressing the practical difficulties associated with 661 these techniques. A novel approach based on the direct detection of beta 662 radiation has been proposed. GaAs photodiodes were examined for their 663 ability to directly detect ionising radiation, and their suitability for beta 664 radiation was validated through simulation.
665
The research presented here has suggested that GaAs is indeed a strong 
